Abstract: The present study was carried out to determine the effect of temperature on the seed germination of Fraxinus ornus subsp. cilicica, an endemic taxa on Taurus Mountains in Southern Turkey. Seeds from the three provenances were collected and prechilled for 16 weeks before the germination tests. Germination tests were conducted at constant temperatures (5, 15, 20, 25°C) and at alternating temperatures (5~15, 5~20, 5~25, 15~25°C). Temperature treatments were effective on germination percentage and mean germination time. The highest and the lowest germinability were obtained at the 5-15°C (73.3%) alternating and 25°C (9.8%) constant temperatures, respectively. Mean germination time greatly differed at various temperature regimes. Germination accelerated with increased constant temperatures while it was relatively similar speed at alternating temperatures used in the tests. Seed sources had also an effect on the final germination percentage.
Introduction
Fraxinus ornus subsp. cilicica (Lingelsh) Yalt., Taurus flowering ash, is an endemic tree dispersed over Taurus Mountains in Southern Turkey. Its height is usually around 8-10 m and can reach up to 20 m height (Yaltirik 1978; Browicz 1984; Yilmaz and Tonguc 2009) . The tree prefers sunny southern slopes in karstic areas and grows from 350 m to 1500 m above sea level. It has ornamental value due to its flowers, foliage, and interesting crown form (Dirr and Heuser 1987) .
Fraxinus ornus (Oleaceae), also known Manna ash (Fraxigen 2005) , is an insect-pollinated tree (Verdú et al. 2006) . F. ornus fruits are elongated, winged, single-seeded samaras that are borne in panicles (Bonner 2002) . The species has male and hermaphrodite trees in breeding population (androdioecy) and only hermaphrodite trees bear fruits (Dommee et al. 1999; Verdú 2004; Verdú et al. 2007) .
Throughout its natural distribution, F. ornus subsp. cilicica wood is used to make shovel handles and therefore scattered populations of this species are under the threat of illegal harvest. There are no special conservation programs for this ornamental endemic tree species, which can be used for many purposes such as urban landscape design and manna production. In recent decades, there is an increasing interest in using native local trees for reforestation and urban plantings (Ürgenç 1998; Grey and Deneke 1992) . Detailed studies on the seed physiology of this endemic species are needed before widespread seedling production of F. ornus subsp. cilicica can be successfully carried out.
Temperature is one of the most effective factors on the germination behavior of seeds (Bewley and Black 1994; Schmidt 2000) . The temperature requirements for seed germination vary by species, variety, and sometimes, populations used for seed sources. Ideal temperature range for germination is also related to the ecology of the species location (Baskin and Baskin 1998; Fenner and Thompson 2005) .
The main objective of this study was to determine the effect of different temperature regimes on the germinability and germination speed of F. ornus subsp. cilicica seeds collected from three provenances.
Materials and Methods

Seed Material
The samaras were collected from three provenances in Turkey (Table 1 ) at the first week of November 2007. In the laboratory, samaras were air-dried until they reached about 8% moisture content (MC). MC of seeds was determined by low temperature oven method (ISTA 1996) . MC was calculated as the percentage of the fresh weight of the seed.
Germination Temperature
F. ornus subsp. cilicica seeds have deep physiological dormancy and need about 16-18 w prechilling before the germination test (Yilmaz and Tonguc 2008) . To find out the effect of temperature on the germination response, seeds from 3 different provenances (Andirin, Kozan, Pozanti) were prechilled without media for 16 weeks in a fridge (3°C). Prechilling was applied in the plastic bottles covered with perforated aluminum folio under dark conditions. To keep the level of seed moisture content between 40-42% MC, distilled water was sprayed on the seeds once in every two week period throughout the study. MC of the seeds during the prechilling treatments without media should generally be close to 8-10 point below the maximum MC of the seeds (Yilmaz 2006) , therefore MC of seeds were kept 8-10 point (about 40-42%) below the maximum MC of the seeds (50.5%) during prechilling period.
Seeds were subjected to germination test at eight different temperature regimes after the prechilling treatments. Germination tests were performed at constant temperatures (5, 15, 20, 25°C) and at alternating temperatures (5~15, 5~20, 5~25, 15~25°C). During the germination tests seeds were kept at dark for 16 h and under light for 8 h. Germination tests were carried out on two layers of filter paper in 15 cm Petri dishes. Filter papers were changed if there was fungal development. Three replications of 50 seeds were used in the germination tests. Seeds were rinsed with sterile distilled water for one minute to remove dust from the seed surface prior to the germination tests. Seeds were considered germinated when their radicles protruded 3 mm and showed geotropism. The petri dishes were checked every two days and the germinated seeds were counted and removed. Germination tests were terminated after 28 days.
Germination Parameters
In the germination tests, germination percentage (GP) and mean germination time (MGT) were calculated according to the following formulas (Bewley and Black 1994) :
Where GP (%) is the germination percentage, n i is the number of germinated seeds at day i, and N is the total number of incubated seeds per test.
Where MGT is the mean germination time, t i is the number of days from the beginning of the test, and n i is the number of germinated seeds recorded on day t (i) .
Statistical Analyses
GP and MGT values of treatments were subjected to factorial ANOVA to detect the significance of germination temperatures and provenances. GP values was transformed using arcsine formula to normalize error distribution prior to variance analyses. When a significant effect was detected, differences among the groups were identified using Duncan's New Multiple Range test.
Results
Both germination temperature and provenance had significant effect on the germination percentage. Temperature × provenance interaction for GP (P<0.01) was also significant (Table 2 ). GPs varied depending on the temperature treatments and were the highest at the 5~15°C alternating and 5°C constant temperature (Fig. 1 ). GPs were also relatively high at 5~20°C and 15~25°C alternating temperatures. GPs decreased at constant temperatures as temperature increased. Although GPs were similar at 12°C, 15°C, and 18°C, there were significant differences between 18°C and 21°C and between 21°C and 24°C. In another words, GPs began to decrease between 18°C and 21°C. The lowest GP (9.8%) value was found at 25°C constant temperature. There were significant differences between provenances for GP as well. Seeds collected from Andirin provenance demonstrated the highest germinability while Kozan and Pozanti provenance exhibited similar germination percentages.
MGT distinctly differed at various temperature regimes. Germination accelerated with an increase in constant temperature (Table 4) . Germination was fastest at 25°C and while at the same temperature the lowest GP was obtained. There was no statistically important differences for MGT between provenances.
However, interaction between provenance and germination temperature was statistically important for MGT (P<0.05).
Discussion
Present study revealed the strong effect of temperature on the germination of F. ornus subsp. cilicica seeds (Table 3, 4). Among the tested temperature regimes, 5~15°C alternating temperature and 5°C constant temperature appeared to be suitable germinating temperatures since germination percentages were significantly lower at any other temperature regimes tested during the study. In the current study, alternating temperature regimes generally provoked the germination and gave higher GPs than those of the constant temperatures (Table 3) . It is also observed that the seeds from different populations differ from each other for germinating ability as Andirin population's GP value was higher than those of Pozanti and Kozan populations. The values on the same line followed by the same letters are not significantly different at P<0.05.
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The values on the same column followed by the same capital letters are not significantly different at P<0.01. The values on the same line followed by the same small letters are not significantly different at P<0.01.
The average values on the same column followed by the same capital letters are not significantly different at P<0.01.
Germination temperature is very effective on the germination parameters. Different germination temperatures such as 20~30°C, 5~15°C, 3~20°C, 3~25°C and 20°C, have been used in the germination of pretreated Fraxinus spp. seeds (Steinbauer 1937; Tylkowski 1988 and 1990 , ISTA 1996 Suszka et al. 1996; Tilki and Çiçek 2005; Draghici and Abrudan 2011). ISTA (1996) suggests the alternating temperature of 20~30°C for the seeds of Fraxinus spp. seeds. On the other hand, alternating temperature of 5~25°C provides better germination performance for F. ornus (Piotto 1994) and F. angustifolia (Piotto 1997; Piotto and Piccini 1998) seeds. In the current study, the alternating temperature of 5~15°C resulted in higher germination percentage. Similarly, F. excelsior seeds had higher germination at alternating temperature of 5~15°C (Suszka et al. 1996) .
Germination percentages generally decreased at 20°C or higher constant or alternating temperatures (Table 3) . Germination temperatures higher than the optimum temperature usually cause secondary dormancy (Khan and Samimy 1982; Copeland and McDonald 1999) . Lower germinability observed at 20°C or higher temperatures might be the result of secondary dormancy. Tylkowski (1988) and Piotto and Di Noi (2003) reported secondary dormancy phenomenon observed in Fraxinus spp. seeds at 20°C. Similar behavior of secondary dormancy over 20°C was reported for the beechnuts as well (Gugała 2002; Yilmaz 2005) .
In the current study, although the germination percentage was relatively high at the constant temperature of 15°C, germinability declined rapidly at 20°C and 25°C constant temperatures (Table 4) . Similarly, the germination of F. angustifolia at 20°C constant temperature was significantly lower than those at 4~20°C and 20~30°C alternating temperatures (Tilki and Çiçek 2005) . The overall results indicate that F. ornus ssp. cilicica seeds exhibit better germination performance at alternating temperatures and at lower constant temperatures, which is somewhat different than seed germination behavior of many woody species.
For successful growth of plants, seedling development is important. Plants need photosynthesis for development after germination and alternating temperature and light. Therefore germination conditions at alternating temperatures such as 5~15°C and 3~20°C are accepted more realistic due to similarity to the germination temperatures in nature and nurseries (Falleri et al. 2004 ). The lower temperatures of alternating temperatures such as 5°C are effective in removing the dormancy of still dormant seeds after the prechilling treatment. Therefore, when the prechilling duration is insufficient, higher germination percentages are obtained alternating temperatures. Alternating temperatures also stimulate seed germination of many species (Bradbeer 1988; Bewley and Black 1994) . In fact, the germination percentage of 15~25°C alternating temperature was much higher than those of 15°C and 25°C constant temperature in the current study (Table 3 ). The prechilling duration for the germination tests at alternating temperatures can be short for those at constant temperatures (Yilmaz 2005) . Therefore, 16 weeks prechilling duration for F. ornus ssp. cilicica seeds could be extended for few weeks if the germination tests are applied at constant temperatures.
Genetic diversity among and within populations are very common in woody species. Topography and climate conditions also affect diversity (Kaya and Raynal 2001; Çali kan 2006) . Further research is needed on the seed, seedling and other characteristics of this endemic species.
